Purpose The length of GT-repeats polymorphic region in the promoter of human Heme oxygenase-1 gene (HO-1) alters the level of its transcriptional activity in response to oxidative stresses. Decreased level of HO-1 protein in the seminal plasma has been reported to be associated with oligospermia and azoospermia in male infertility. This is the first study to investigate the association between GT-repeats expansion in the promoter of the HO-1 gene and male infertility. Methods The frequencies of different GT-repeats alleles in the promoter of HO-1 gene were determined in 100 cases and 100 normal controls using PCR-PAGE, ABI fragment analysis genotyping and sequencing analysis.
Introduction
Male infertility is a common reproductive disorder that has been associated with oxidative damage of sperm and leads to loss of its quality and functionality [1] . Significant levels of reactive oxygen superoxide are detectable in the semen of up to 25% of infertile men [2, 3] . Some studies have reported the effects of antioxidants on the sperm quality [4, 5] . Some investigations on the level of HO-1 gene expression in the semen in oligospermia have demonstrated oxidative damage of sperm DNA related to male infertility.
Heme oxygenase isozymes are a highly conserved family of proteins, the constitutive form referred to as HO-2 and the stress responsive form known as HO-1 [6] . Heme and other stress-related events have been shown to chronically induce HO-1 protein and promote HO activity, while having relatively little effect on the expression of HO-2 [7] . HO-1 enzyme is a stress responsive protein which could be induced by various oxidative agents [8] . This is a rare limiting enzyme in heme degradation and plays role in cell protection and keeping cellular homeostasis [9] . It degrades heme into carbon monoxide, biliverdin/bilirubin, and free iron. The GT-repeats in heme oxygenase-1 gene promoter is highly polymorphic and modulates gene expression levels by oxidant challenge [10] . Its polymorphism has been reported to show relationship with some oxidative dependent diseases such as cardiovascular, diabetes and different kind of cancers [11] [12] [13] [14] . Its expression is related to the number of the GT-n repeats in the promoter region of HO-1 gene [11, 12] . Longer GT-repeats resulted in lower gene expression and shorter GT-repeats resulted in higher hemeoxygenase-1 protein expression [10] .
Oxidative stress is a result of the imbalance between reactive oxygen species (ROS) and antioxidants in the body which can lead to sperm damage, deformity and eventually male infertility. The small amounts of ROS are necessary for spermatozoa to acquire fertilizing capabilities [15, 16] . Low levels of seminal ROS has been reported to be essential for fertilization, acrosome reaction, hyperactivation, sperm motility and capacitation however increased level of ORS has been reported to induce sperm dysfunctions through different mechanisms such as, sperm impairment metabolism, plasma membrane lipid peroxidation, defect in sperm motility and oocyte fusion [17] and has been implicated in the pathogenesis of male infertility [18] [19] [20] . HO-1 enzyme activity in human seminal plasma is induces by ROS which is that in azoospermia and moderate in oligospermia in comparison to normal controls [21, 22] .
Previous reports have explained a relationship between oxidative stress, semen parameters and male infertility. This study has evaluated the GT-repeat polymorphisms in the promoter region of HO-1 and its relationship with oligospermia and azoospermia in Iranian infertile men.
Materials and methods

Samples
A total of 200 men were recruited from the Navid infertility center in Tehran-Iran that was married for more than 2 years. This study was approved by ethic committee of National Institute for Genetic Engineering and Biotechnology, Tehran, Iran. Informed consents were taken from all cases and controls participated in this study. Samples were taken from case group in two categories, azoospermia (n=79) with no detectable sperm and oligospermia (n = 21) with <5 million sperm/ml. Cases were included 100 individuals of Iranian origin referred for male infertility and the normal control group consisted of 100 normospermia male with >20 million sperm/ml in the semen at the same ages with case group. A detailed medical history and physical examination were performed for the investigated cases. Infertile patients included in the study were seeking a complete andrological diagnostic work-up for couple infertility. All infertile patients were defined as 'idiopathic' and selected on the basis of a comprehensive andrological examination including medical history and physical examination, semen analysis, scrotal ultrasound, hormone analysis and karyotype screening. Patients with mono or bilateral cryptorchidism, varicocele, previous testis trauma, obstructive azoospermia, recurrent infections, iatrogenic infertility, hypogonadotrophic hypogonadism, karyotype anomalies were excluded.
Analysis of GT-repeats polymorphism in HO-1 gene promoter DNA samples were extracted from blood leukocytes of infertile and fertile males using protease and phenol purification [23] . Pair of primers was obtained from SHIBAHARA et al. 1989 to amplify a 137 to 200 bp fragment, depending on the number of repeats, containing GT-n repeats region from promoter of HO-1 gene by PCR. The 5′ end of forward primer was labeled with FAM 5′-FAMAGAGCCTGCAGCTTCTCAGA-3′ for using in analysis of DNA fragmentation by ABI capillary genotyping and an unlabeled antisense primer 5′-ACAAAGTCTG GCCATAGGAC-3′, which were designed on the basis of the published sequence [24] . The PCR cycle of 94°C for 45 s, 57°C for 30 s and 72°C for 30 s was carried out for a total of 32 cycles. The PCR products were subsequently run on a denaturing polyacrylamide gel (8% acrylamide:bis acrylamide 19:1) at 160-200 V for 6-8 h, followed by silver staining. Then PCR products were mixed together with a Geno Type TAMRA DNA ladder (Size range 50-500 bp; GibcoBRL) and analyzed with an automated DNA sequencer (ABI Prism 377). Each size of the GT-repeats was calculated using GeneScan Analysis software (PE Applied Biosystem). All amplified fragments were also electrophoresed on PAGE (Denaturing Polyacrilamide Gel Electrophiresis) and seven different alleles were cut from the gel, amplified by PCR and sequenced to confirm the number of GT-repeats in each allele.
Statistical analysis
Allele frequencies were calculated for each locus by allele counting. Comparisons of allele frequencies between case and control groups were determined using a Pearson χ 2 test using SPSS for windows version 16.0 (Chicago, Illinois) software. All tests were two-tailed and p <0.05 was considered as significant value.
Results
All seven amplified polymorphic alleles were called alleles 0 to 6 according to their 15 to 37 GT-repeats in the promoter region of the human HO-1 gene. The distributions of the different alleles were bimodal, with one peak at allele 2 (with 22 GT-repeats) and the other at allele 4 (with 27 GT-repeats) similar to that was reported by Kaneda et al 2002. All alleles were classified into two major subgroups S and L according to their GT-repeats. Class S alleles was contained less than 26 GT-repeats, numbered 0 to 3 and class L alleles with more than 27 GT-repeats, numbered 4 to 6. All individuals in case and control were classified into SS, SL and LL genotypes (Table 1, 2, 3 and 4, Fig. 1 ).
The SS, SL and LL genotypes frequencies were 30%, 31% and 39% in the cases and 46%, 33% and 21% in the control groups respectively. The frequencies of S allele among cases and controls were 45.5% and 62.5%, whereas the L allele frequencies were 54.5% and 37.5% respectively. The statistical analysis represented significant association between male infertility and L allele (P=0.001).
Higher frequency of L allele was observed in oligospermic infertile men (69%) and azoospermic infertile men (50.6%) compared to that in normal control group (37.5%). Statistical analysis was indicated significant differences in both oligospermia (P=0.00) and azoospermia (P=0.01) (Table 4) in comparison to control males. The higher frequency of L allele in oligospermic subgroup (69%) than that in azospermic subgroups (50.6%) represented a significant difference when two subgroups were compared (P=0.03). It means that L allele is more common among oligospermic cases than that was observed in azospermia.
The frequencies of different genotypes related to L alleles were obtained as 4/4 (45% and 27.5%), 4/5 (5% and 1.2%), 5/5 (5% and 3.6%) and 5/6 (5% and 0%) among oligospermic and azoospermic males respectively. These results have showed that L allele is more commonly observed in oligospermic cases than that in azoospermia.
Discussion
Several studies have demonstrated that the GT-repeats in the promoter region of HO-1 gene is highly polymorphic, modulated gene transcription by oxidant challenge, and associated with different diseases [1, 12, 14, 25, 26] . Recent studies indicated that oxidative stress has been implicated in the pathogenesis of male infertility [18] [19] [20] 22] . This study has reported for the first time the relationship between GT-repeats expansion in the heme oxygenase-1 gene promoter and risk of oligospermia and azoospermia in Iranian infertile men (P=0.001). The expanded allele contained more than 27 GT-repeats, has called allele L that can reduce level of HO-1 gene expression and decrease the ability in combating with oxidative stressors [9, 10] . Therefore, male with longer L alleles may have lower level of HO-1 gene expression supported with significant P value equal to 0.001.
When cases with oligospermia were compared to azospernmia, it was found that frequency of L allele was significantly higher in oligospermia compared to azospermia. This represented that L allele is more commonly found in oligospermia and may play more important role in sperm reduction. For instance, the longest L allele number 6 was only observed in cases with oligospermia and allele 5 frequency was also significantly higher compared to that observed in azospermia (P=0.04).
Shiraishi et al 2005 showed low levels of reactive oxygen such as hydrogen peroxide, a biooxidant, have been shown to be essential for fertilization, acrosome reaction, hyperactivation, motility and capacitating. Increased expression of HO-1 in response to high level of reactive oxygen preserved spermatogenesis in leydig cell. Lin et al 2007 demonstrated that oxidative stress is important for localization of HO-1 protein to the nucleus and activation of transcription factors [27] . The level of HO-1 enzyme activity in the seminal plasma has been shown to be related with spermatogenesis and sperm concentration (P=0.001) [21] , a very low seminal plasma activity in azoospermic, moderated in oligospermic specimens and higher activity in normospermic specimens (P<0.01).
Conclusion
Previous studies on the expansion of the GT repeats in promoter region of HO-1 showed that the GT-repeats is highly polymorphic and longer GT-repeats exhibits lower transcriptional activity. This study has demonstrated for the first time the significant association between expansion in GT-repeat and susceptibility to male infertility. A significant association was obtained between L allele and oligospermia and azoospermia in Iranian infertile men (P= 0.001). Long GT-repeats polymorphism might be contributed to the defect in spermatogenesis and inducing male infertility in Iranian cases. It is interesting to warrant this study by testing this polymorphism using a larger sample with a prospective design to confirm the above observation in other populations. Fig. 1 Distribution of different polymorphic alleles (0-6) frequencies in the cases (a, n=100), in the controls (b, n=100) and in all samples (c, n=200)
